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Introduction
In the last decades an increasing number of governments started to stimulate the development of renewable electricity sources. Important motivations have been the growing concern for climate change and the rising scarcity of fossil fuels. Also international agreements on carbon emission reduction and renewable energy targets and governments' objectives to reduce their dependence on energy imported from abroad played a role.
From the most common sources of renewable electricity -biomass, wind, solar, geothermal and hydropower -photovoltaic solar (PV) has made its growth spurt most recently, with a worldwide average yearly growth of 47% over the last decade. This development has increasingly resulted in up-scaled manufacturing facilities and technology improvements. As both have driven the price of a PV-system down, PV has gradually become a competitive electricity source. At the start of the development of the PV-industry in the 1990s, important conventional electricity sources as nuclear and coal-fired power plants were able to produce electricity at only a fraction of the costs at which one solar kilowatt-hour (kWh) could be generated. For bridging the competitive gap between conventional and renewable electricity sources, the role of governments has generally been considered as crucial.
The development of PV started in the early 90s in Germany and Japan; these two countries were the first to adopt policy-instruments. Since 2005, governments all around the world have started to promote PV. Policy-makers have introduced several combinations of instruments.
The most common instrument is a Feed-in Tariff (FIT). The general idea of a FIT is that the owner of a PV-system receives on contract basis a guaranteed price for every produced kWh that is fed into the grid during a fixed period of time. FITs can differ in various characteristics, including tariff amount, limitations on available budget or installed capacity and contract duration.
In the past few years uncertainty increased about how effective FIT policies have been in the development of PV. Policy-makers also have difficulty finding the optimal structure of a FIT.
Lacking the right FIT-structure can be the reason that some countries are lagging behind in the development compared to others. In this light, it is worthwhile to analyze the relationship between effectiveness and structure of a FIT. Besides FIT-structure, policy-consistency also influences the effectiveness of a FIT (see White et al., 2013 , Owens & Driffill, 2008 , Gardner & Stern, 1996 . Investors seek maximum returns at an acceptable risk. If government support is vital to provide a reasonable return, policy-consistency is considered as crucial to limit the risk.
Investors often complain about the regular changes in policies as they have to decide about multi-year investment plans. If the lifespan of policies and investments differ significantly, risk increases for investors. This paper studies whether FIT policies have been effective in the development of solar PV. To the best of our knowledge, this is the first paper empirically taking into account design characteristics and consistency of FIT policies. The majority of the existing literature is limited to a descriptive approach in analyzing the effectiveness of policy instruments on the development of renewable energy sources. Haas et al. (2011) , who compare quantity-driven (like tradable green certificates based on quotas) and price-driven instruments (like FITs) in seven European countries, state that FIT policy instruments are more effective than others, because they usually have low administration costs, are relatively easy to implement and are technology-focused. They underpin that a well-designed FIT policy provides deployment of renewable energy sources in the shortest time and at the lowest costs for society. Also Gipe (2006), Mendonça (2007) , Mendonça et al. (2009 ), Cory et al. (2009 and Timilsina et al. (2012) show qualitatively that FITs are a major driver for the development of most solar PV markets. Jenner et al. (2013) and Bürer and Wustenhagen (2009) add that investors prefer a FIT over other policy instruments. These qualitative policy evaluation studies generally agree that FITs are important in explaining the development of renewable energy sources in Europe. Stronger FITs with higher returns on investment usually have a bigger impact on the development. Jenner et al. (2013) and Jenner (2012) are the only two empirical studies that have assessed the effectiveness of FITs in promoting the development of PV. Jenner et al. (2013) develop an indicator for FIT strength that captures several design characteristics such as tariff size, contract duration, degression rate but also electricity price and production cost to estimate the resulting return on investment (ROI). They find that for a 10% increase in ROI, 3.8% more PV capacity will be installed on average per year. All together their conclusion is that FIT policies have stimulated the development of PV in Europe between 1992 and 2008 . Jenner (2012 , who uses generation in GWh instead of annual solar capacity as dependent variable, comes to the same conclusion for the period 1990-2010. An important shortcoming of these studies is that both the individual design characteristics of a FIT and the price of electricity are not included as separate variables in the regression. Therefore it is hard to determine the impact of the individual elements. Besides that the role of policy-consistency is ignored, just as the possible presence of a cap on cost or capacity. Our study does include these indicators.
Moreover, in contrast to the above two studies, our study also captures tariff differences due to installation size (which is a crucial determinant to measure the effectiveness of a FIT correctly).
A related paper, Marques & Fuinhas (2012) , analyzes the impact of policy incentives on the total contribution of renewables to total energy supply (and not on the development of solar PV separately) by focusing on 24 European countries. Their results give empirical support for the assumption that public policy measures contribute to the wider use of renewables. In particular direct interventions like incentive and subsidy policies, including FITs, turned out to be effective. Quota obligations, R&D programs and tradable certificates did not increase renewables in the period under study. They also find that strategic planning processes contribute to the PV development. This study does have shortcomings though. All policy variables are composed by counting the number of active policies of that policy type in a specific year and country. This method does not capture any of the heterogeneity in the policy design and does not differentiate between dissimilar market circumstances. Also, only data until 2007 are used, while the development of PV is dominated by more recent years.
The rest of the paper is organized as follows. The next section specifies the structure of the model and describes the data set and variables used. Section 3 gives an overview of the different results and provides an interpretation. Finally, Section 4 concludes.
Models and data

The models
In order to investigate the impact of FITs on the development of PV a series of linear models are investigated.
The specification of the models is as follows:
where PVit is a measure for the use of PV in country i in year t, FIT is a vector of (combinations) of the strength of a FIT (FITSTRENGTH), policy consistency measures and underlying characteristics of the FIT, Z is a vector of other characteristics, T is a time trend, ηi are country fixed effects and εit is the error term.
PV is measured both as a share in the production of electricity and as added yearly capacity per capita. The first is interesting to throw light on the development of the PV-share, while the second is far more directly related to yearly developments.
FITSTRENGTH is approximated by inventorying the underlying characteristics of the FIT as simple counting whether a FIT is present cannot answer our research questions. This makes it not only possible to have a more precise measure for a FIT, but also to explicitly include the underlying characteristics of the FITs to see whether FIT design matters. We add measures for policy consistency by measuring FITSTRENGTH as the average for several years (if the FIT is high for more years, the average will be higher) and by adding the standard deviation of FITSTRENGTH (if the changes in the FIT are large, the standard deviation will be higher). We expect positive signs, except for the standard deviation (a higher deviation points to less policy consistency).
We correct for several characteristics that differ between countries and years. We discuss this in the data section.
We have included a time-trend to correct for autonomic developments in our analysis, like technological developments. Part of the development of the PV-industry might be caused by these autonomic developments and not by FITSTRENGTH or other variables that are included in the model; the time-trend adjusts for this potential bias.
Country specific effects are included to correct for, for example, differences in availability of sun hours.
Data collection
Yearly data are collected for 30 OECD member countries over the period 1990-2011, which sums up to 660 observations. Four OECD member countries are not included in our panel:
Iceland, Canada, Australia and the USA. Iceland is not taken into account because of the fact that data was lacking on electricity prices. Canada, Australia and the USA are all excluded for the reason that their electricity markets are divided in regions or states with the consequence that different policies are implemented within one country. Since we perform country-level analysis it is not possible to include these countries. The data are primarily obtained from the World Bank, OECD-iLibrary and IEA databases. Other sources are mentioned in the specific data sections.
Some variables had missing observations. Since we had data for two electricity price variables (for households and the industrial segment), we used the growth rate of one variable if observations for the other variable were missing. For country-years where both variables had missing observations, we used the average growth-rate of five consecutive years in the direct past or future. When no policy data was available for a specific country and the development of the share in the production of electricity (PVSHARE) was zero or very close to zero, we assumed that no policy had been in place in this specific country.
Measuring PV
As already mentioned above PV is measured both as a share in the production of electricity (PVSHARE) and as added yearly capacity per capita (ADDCAPC). Both provide interesting information. PV as a share of electricity production shows whether the goal of many countries, To measure the strength of a FIT we distinguish four strength measures (see Table 2 ): tariff amount (split into three parts; tariffs for small, commercial and utility scale systems), contract duration, limitation on cost or capacity and average cost of generating one solar kWh for each panel observation (taking solar irradiation and PV-system price into account).
To be able to combine the four measures we reward each of them with points on a pre-defined scale. The sum of the rewarded points forms the FIT-strength indicator. This is a transparent alternative for the ROI indicator that is composed by Jenner et al. (2013) . By rewarding the four FIT design characteristics individually we are able to test the effectiveness of these characteristics separately as well as combined as one FIT-strength indicator. Rewarding each of the four measures properly is crucial; both knowledge of actual data and a reasonable division of points are required to obtain a well-balanced and correct FIT-strength indicator. Table 2 gives an overview of the scales on which points are assigned to each measure. 1 The chosen points ratio between one measure and the other is based on personal calculations and in-depth market knowledge. Since all measures have only values in the years that a FIT was in place, in Table 3 the descriptive statistics for only these 130 observations are shown. The minimum-maximum ranges of points that are actually rewarded, shown in Table 3 , deviate somewhat from the classification in Table 2 for some of the measures. This is mainly the case for the measures contract duration (FIT-DURATION) and Average Cost of Generation (ACG) of one kWh (FIT-COST). The reason for these deviations is that countries in our data panel did not implement
FITs with a contract of less than 10 years 2 and that no country implemented a FIT when the average cost of generation was above 25.4 eurocent.
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The division of points is linear and based on the actual minimum and maximum values of each measure. Let's illustrate this with respect to the tariff amount measure. The lowest tariff amount for small PV-systems (Measure 1a in Table 2 ) is 5.2 eurocent, the highest is 60 eurocent. Points are divided linearly between 0 eurocent (0 points) and 75 eurocent (25 points) (see Table A1 in Appendix A). A tariff amount between 3 and 6 eurocent is rewarded 1 point, a tariff amount between 60 and 63 eurocent is rewarded 20 points. Thus points are assigned in the range 1-20. The same method is applied for tariff amounts of commercial and utility scale systems. For FIT-DURATION and FIT-COST we have awarded points in the range of 1 Table A1 in Appendix A shows a more detailed overview of how the points are assigned. 2 A contract of 10 years corresponds with -10 points in Table A1 in Appendix A. 3 An average cost of generation of 25.4 eurocent corresponds with 5 points in Table A1 in Appendix A.
-20 points (5 year) to 20 points (25 year) respectively 5 points (25.4 eurocent) to 19 points (3.8 eurocent).
As we have mentioned above, the tariff amount measure is split into three different categories. Since we expect the tariff amount to be more effective for larger systems (due to the fact that the life cost of energy of larger systems is lower), we have rewarded the tariff amount of larger systems with more points. We assumed that small systems need to have on average 10% higher tariff than commercial systems and 20% higher than utility scale systems to be equally effective.
FIT-DURATION has been rewarded with both negative and positive points. A FIT that includes a contract of more than 15 year is generally considered as attractive since tariffs are paid over a period more comparable with the lifetime of a PV-system. A balanced trade-off between contract duration and tariff amount is important to retain a profitable ROI. As not many investors have been able to obtain a good ROI with a short contract, a contract of less than 15 years has been rewarded with negative points.
A limitation on cost or capacity, also known as a cap (FIT-CAP), is a pre-defined maximum on either the budget or the installed capacity during a fixed period of time. A cap can cause uncertainty to potential investors as they are no longer sure whether pre-investment costs can be earned back. As a cap has a negative impact on the effectiveness of a FIT, negative points are awarded if a cap is included. We use a binary valuation for this specific design characteristic since -due to the high variability in caps -it is hard to classify the caps and since there are relatively few FIT policies that include a cap. The inclusion of a cap (no matter which one) is rewarded with -15 points.
As shown in Table 2 , a fourth measure is included: the average cost of generation (FIT-COST).
Two countries that implement FITs with equal tariff amount and contract duration will not necessarily have a comparable development; ROI is based on more factors than these two alone. ROI varies primarily because of the difference in insolation 4 between countries. Purely based on solar irradiation, generation in Israel is about 70% higher than the generation of a PV-system in the average country in our panel. But price, lifetime and efficiency of a PV-system also contribute to its variation. By keeping all other factors constant (lifetime = 25 years, PVsystem efficiency = 15% and one sq. meter of solar panels consist of 150 Watt peak (Wp)), we have calculated the average number of kWh's that is generated by a system per Wp for each country-year. Dividing the prevailing PV-system price per Wp by that number, gives us the average cost of generating one kWh of solar electricity over the lifetime of a PV-system. The lower this number, the higher the reward in points is.
The unweighted sum of the rewards forms the strength of the FIT (FITSTRENGTH) in our main analysis. In sensitivity analyses we give subsequently more weight to each underlying characteristic to test whether our results are robust.
The dots in Figure 3 are showing all FITSTRENGTH observations through the years. FITs become on average stronger through the years. Part of this increase is of course explained by decreasing system prices which makes PV more and more attractive. As an example, the FITSTRENGTH levels between countries, but also to changes over time.
We are not only interested in the effects of FIT and its design characteristics, but also in the effects of policy consistency. The hypothesis is that the effects of a FIT are larger when a country has a more consistent policy over time. If potential investors gain confidence in the continuity of a policy, the effectiveness of a FIT is expected to increase. So the higher and more constant tariffs over several years are, the higher the level of consistency, the higher the expected effectiveness.
We measure consistency by two variables. First, we replace FITSTRENGTH by the average FIT over the past 5 years (FITSTRENGTH(5)). As a sensitivity analysis we do also estimations with 13 the average over the last 2, 4, 6, 8 and 10 years. Second, we add to the FITSTRENGTH variable the standard deviation of FITSTRENGTH (FITSTRENGTH(SD)) over the past 5 years.
Descriptive statistics of the FIT variables are shown in Table 4 . 
Other policy variables
As a sensitivity analysis we also include the following other policy variables:
 RD&D budgets for (governments) investments in the PV sector (RDENDBUDGET);
 investment and tax incentives (POLINVEST);
 net metering policies (POLNETMET);
 calls for tender (POLTEN).
We measure RD&D budgets in million US$ and the other three policies simply through binary variables, by counting whether a certain policy is present or not. We include these policies only in a sensitivity analysis since there are not many observations per policy available and since three of these policies have an imprecise binary measure. We leave a more robust analysis of these policies for further research.
Descriptive statistics of the other policy variables are shown in Table 5 . 
Exogenous and control variables
The following exogenous variables are included to control for differences between countries and in time:
 wealth (both GDPcap and GDPcap 2 ) to account for a possible U-shaped curve analogous to the Environmental Kuznets Curve (see Grossman and Krueger, 1991, Panayotou, 1993  energy import (ENERGYIMPORT) measured as share of total energy as a higher share might give more incentives to decrease this share by investing in PV;
 the capacity of the electricity plants (ELECCAPACITY) as a higher capacity results in more replacement investments and thus a higher chance of investments in PV;
 the price of electricity (ELECPRICEHH) as a higher price makes it more likely that the business case for PV becomes profitable. We do not include industrial electricity prices because this would cause collinearity and would not contribute to the explanatory power of the model. We have chosen for the household electricity price variable because it is less correlated with the other variables in the model.
Data for GDPcap, OPENNESS, and POPDENS are obtained from the World Bank.
ENERGYIMPORT, ELECCAPACITY, and ELECPRICEHH data are all derived from the OECDiLibrary. Descriptive statistics of both exogenous and control variables are given in Table 6 . 
Results
This section discusses the empirical results. 6 First we discuss the effectiveness of the general FIT measure and the impact of the consistency of FITs. Next, we delve into the relation between effectiveness and design characteristics of the FIT. Finally, we present some sensitivity analyses. Table 7 presents the estimation results for the base models. In all cases FITSTRENGTH has a positive and significant (at 1%) effect on the production of PV, measured as share of produced electricity. If a country introduces a FIT with a strength of 82 (the maximum in the sample) the effect is +0.2% on the PV share in electricity production. Compared with the mean PV share of 0.06% this is a relative large effect. The effect becomes 5.5 times higher if the indicator is changed to the average of FITSTRENGTH in the preceding 5 years. Estimations with other averages (2, 4, 6, 8, 10 years) show that the effectiveness is linearly increasing in the lag period (see Table 8 and 9). For 10 years the effectiveness is more than 10 times as high with an effect of 2.14% on the production of PV. This means that effectiveness increases considerably if over a longer period of time FITSTRENGTH is high. If the standard deviation is included in the estimations, the effect of FITSTRENGTH is also much higher, but decreases if the standard deviation increases. Again, this indicates that consistency is very important for the effect of FIT on the production of PV.
Effectiveness of FIT
These effects are reproduced if added capacity per capita is taken as endogenous variable.
The effect of FITSTRENGTH is positive and significant and increasing if it is higher over a longer period and decreasing if the standard deviation is larger. The effect of consistency measured as average over the previous 5 years for produced solar electricity is twice the effect for added capacity. This is not only the case for 5 years, but also for 2, 4, 6, 8 and 10 years. On the other hand, if the standard deviation is used as measure for consistency the effect of this variable is larger for added capacity than for produced solar electricity.
The result for GDP per capita results in a non-linear relation with the production electricity share of PV. The effect of GDP growth is negative until a level of 37.000 dollars per inhabitant and positive above that level. For added capacity the results are quantitative comparable, but they are less significant. Openness has no influence on the production or added capacity of PV. Population density has a negative influence in most estimations. This is not surprising as PV is a land intensive way of producing electricity. The influence of energy imports is not significant. For the electricity capacity and the price of electricity we find clearly a positive effect. With a high capacity more new investments are needed, giving space to the choice of PV. A higher price of electricity clearly stimulates relative expensive solutions like PV as the business case of PV will be more often positive. Table 10 presents the estimation results for the FIT design characteristics. Nearly all characteristics are positive and significant. Only for the effect of capacity restriction on the production share of PV no effect is found. The largest effect is found for the tariff. With the highest available tariff in our sample, the marginal effect of FIT is 0.5% on the production share. For this share the second most effective characteristic is cost, followed by duration. For added capacity tariff is also the most effective characteristic. The other three characteristics have comparable effects. We can conclude that tariff is the most important design characteristic, but that the effectiveness is largest when all characteristics are optimized. COST (20) , DURATION (19) , and minimum (in absolute value) for CAP between brackets below coefficients. To correct for heteroscedasticity standard errors are White corrected.
Effectiveness of separate FIT design characteristics
Sensitivity analyses
In Section 3.1 and 3.2 we have found that the FIT is effective in stimulating the production and capacity of PV and that all design characteristics are important if the goal is to increase the effectiveness of the FIT. In this section we show whether these conclusions are affected when we change several assumptions.
First, we changed the weighting schemes of the underlying parts of FITSTRENGTH. The underlying characteristics of the FITs are weighted differently compared with the base model (the model with FITSTRENGTH and its standard deviation). In each sensitivity analysis the weight of respectively tariff, cost, duration and cap is doubled. In all cases FITSTRENGTH and its standard deviation are significant and the sign is the same as in the base model (see Table   11 and 12). Marginal effects are comparable. Second, we replaced PV as share of electricity production by produced electricity per capita.
Again we find that the effect of FIT is significant, positive and increasing in consistency (see Table 13 ). The results for the design characteristics are also comparable, although cost and duration do have different significance levels now. Third, we estimated the effect of FIT including variables for other policy instruments (RD&D budgets for investments in the PV sector, investment and tax incentives, net metering policies, calls for tender). As these instruments are less often used, resulting in few observations, and are measured in a rough manner (based only on a simple count of available instruments), we do not include these results in our base models. Most important is that including the four other policy instruments does not influence our main conclusions (see Table 14 ). The effects of the other instruments are in all cases insignificant, while the coefficients for FITSTRENGTH and its standard deviation are highly comparable. 
Conclusions
This paper has empirically analyzed whether FIT policies have been effective in the development of solar PV. In contrast to the existing literature FIT-structure and policyconsistency were explicitly taken into account.
We have found a strong positive relation between the presence of a FIT and the development of a country's share of PV in the electricity-mix. This effect is increasing if the FIT policy is more consistent. The tariff of the FIT is the most important design characteristic; the other characteristics (cost levels, duration of contracts and caps w.r.t. capacity or costs) are important too though. If the goal is to maximize the effectiveness of FITs the design characteristics should be consistent in time and optimized for each relevant aspect.
We have indications that our results are robust. Measuring FIT policies in other ways, (by changing the weighting schemes of the underlying characteristics), changing the endogenous variable, varying the time scale of measuring, and including other policy instruments did not change our results. Especially with respect to the sensitivity analysis with non-FIT policy instruments included, we feel that it might be interesting to invest in new research as our non-FIT policy variables are based on rough measures only. 
